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O objetivo deste estudo foi avaliar o desenvolvimento e a erupção dentária e as 
características de imagem dos canais gubernaculares em indivíduos com fissura labiopalatina 
(FLP), não sindrômicos. Radiografias panorâmicas foram utilizadas para avaliar os estágios de 
desenvolvimento e erupção dentária (utilizando os métodos adaptados de Demirjian et al. 
(1973) e Olze et al. (2007), respectivamente), totalizando uma amostra com 11.223 dentes de 
diferentes grupos dentários, exceto terceiros molares. As idades médias de formação e erupção 
dentária foram comparadas entre os dentes ipsilaterais e contralaterais à FLP.  Em exames de 
tomografia computadorizada de feixe cônico (TCFC), os dentes não irrompidos (n = 509) foram 
avaliados quanto à detecção do canal gubernacular (CG). Quando presente, o CG foi 
classificado de acordo com a localização de sua abertura na crista alveolar. Para a avaliação de 
cronologia de formação e erupção dentária dos pacientes com FLP, foi utilizada uma análise 
estatística descritiva e os dados expressos em média de idade, desvio-padrão, máximo e 
mínimo. Para a avaliação do CG, as taxas de detecção foram comparadas pelo teste qui-
quadrado. A localização da abertura do CG foi comparada, entre os grupos dentários, pelo teste 
de Kruskal-Wallis com o post-hoc de Dunn. Um nível de significância de 5% foi adotado. Não 
houve diferença estatisticamente significante na formação e erupção dentária entre os dentes 
ispilaterais à FLP e os dentes contralaterais. A taxa de detecção de CG na TCFC foi maior na 
região anterior da mandíbula (100%), seguida pelos molares superiores (93,1%) e molares 
inferiores (89,8%). A região anterior da maxila apresentou uma taxa de detecção 
significativamente menor do CG (55,8%). Não houve diferença estatisticamente significante 
entre os tipos de FLP e os dentes ipsilaterais e contralaterais à FLP. O local de abertura mais 
comum do CG foi no aspecto lingual da crista alveolar para os dentes anteriores e pré-molares 
da mandíbula. Para os molares, a abertura do canal ocorreu principalmente na região central da 
crista óssea. Para os dentes mais próximos da região da fissura (isto é, anterior da maxila), 
houve uma maior variação da localização da abertura do CG na crista alveolar. Concluiu-se que 
os pacientes com FLP não apresentam formação ou erupção assimétricas entre os dentes 
ipsilaterais e os contralaterais à fissura. Os dentes adjacentes à fissura labiopalatina, em 
pacientes com FLP, apresentam menor taxa de detecção do CG. Além disso, para os dentes 
anterossuperiores, a abertura do CG na crista óssea alveolar pode uma maior variabilidade de 
localização. 
 
Palavras-chave: Dente não erupcionado. Erupção Dentária. Fenda labial. Radiografia Panorâmica. 




The aim of this study was to evaluate the chronology of dental developmental and eruption and the 
imaging characteristics of the gubernacular canals in non-syndromic individuals with cleft lip and 
palate (CLP). Panoramic radiographs of patients with CLP were reviewed to classify each tooth 
present (n=11.223), except third molars, according to the stage of development and tooth eruption 
(modified Demirjian (1973) and Olze (2007) methods, respectively). The average ages of formation 
and eruption were compared between teeth ipsilateral and contralateral to the CLP. On cone beam 
computed tomography (CBCT) exams, unerupted teeth (n=509) were assessed regarding the 
detection of gubernacular canal (GC) and, when present, GC was further classified according to the 
location of its opening in the alveolar crest. For the evaluation of the formation and eruption 
chronology of patients with CLP, a descriptive statistical analysis was used and the data expressed 
as mean age, standard deviation, maximum and minimum. For the GC evaluation, the data were 
also descriptively displayed in terms of detection rate and compared by chi-square test. The location 
of the opening among the different dental groups was compared by the Kruskal-Wallis test with 
Dunn's post-hoc test. A significance level of 5% was adopted. There were no statistically significant 
differences between CLP and non-CLP sides regarding the mean age of the patients according to 
dental developmental and eruption stages, for any of the dental groups. The detection rate of GC on 
CBCT was higher in the anterior mandible (100%), followed by the upper molars (93.1%) and lower 
molars (89.8%). The anterior region of the maxilla showed a significantly lower detection rate of 
the GC (55.8%). There was no statistically significant differences between CLP types and between 
teeth ipsilateral and contralateral to the CLP. The most common opening site of the GC was in the 
lingual aspect of the alveolar crest for the anterior and premolar teeth of the mandible. For the 
molars, the canal opening occurred mostly in the central region of the bone crest. Upper anterior 
teeth and premolars, which are closer to the cleft in CLP patients, present a lower detection of the 
GC. Additionally, for the maxillary anterior teeth, GC o present a higher variability of the location 
of their opening in the alveolar crest. It is concluded that patients with CLP do not present 
asymmetrical dental development or eruption between teeth ipsilateral and contralateral to the CLP. 
Teeth adjacent to the CLP have a lower GC detection rate. In addition, for anterosuperior teeth, the 
opening of the GC in the alveolar bone crest may have greater localization variability. 
 
Key Words: Cleft Lip and Palate. Cone-beam Computed Tomography. Panoramic radiography. 
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1. INTRODUÇÃO  
 
As fissuras labiopalatinas (FLP) são malformações faciais que compreendem grande 
porção dos defeitos congênitos em humanos. A sua etiologia é considerada complexa e 
multifatorial. No entanto, acredita-se que o seu desenvolvimento seja influenciado por fatores 
ambientais, genéticos, geográficos, medicamentosos e econômicos (Costa et al., 2013).  
As FLP são estabelecidas precocemente, no final da 6ª semana de vida intrauterina, 
quando ocorre a fusão dos processos maxilares, incluindo a formação do lábio superior e da 
pré-maxila (Mossey, 2009). Anteriormente à finalização do desenvolvimento destes processos, 
há um pico de divisão celular no processo nasal lateral que torna o momento susceptível a 
teratogenias. Qualquer desordem neste estágio do crescimento é capaz de promover uma falha 
do mecanismo de fusão, podendo ocasionar a produção dessas malformações (Sperber et al., 
2002; Marazita & Mooney, 2004; Mossey et al., 2009).  
Quando presentes, as FLP podem se manifestar de maneiras distintas em cada indivíduo, 
por este motivo, são subdivididas de acordo com as estruturas anatômicas as quais estão 
envolvidas. Podem ser classificadas em: fissura pré-forame incisivo, fissura transforame 
incisivo e fissura pós forame incisivo. No entanto, as fissuras mais comumente observadas são 
as fissuras pré-forame incisivo e fissuras transforame incisivo (Spina,1973). 
Os indivíduos com FLP comumente apresentam comprometimento estético, alteração no 
desenvolvimento, na fala e dificuldade na integração social (Mossey et al., 2009). Além disso, 
podem apresentar uma maior frequência de achados incidentais, provavelmente devido ao 
grande número de variações que podem possuir no terço médio da face (Kuijpers et al., 2014). 
Os achados mais comuns são: anomalias dentárias, dentes impactados, alterações nos seios da 
face, nos ossos temporais, atraso no desenvolvimento e na erupção dos dentes permanentes. 
(Ranta, 1986; Kuijpers et al., 2014). 
O desenvolvimento dentário em indivíduos portadores de FLP, por sua vez, possui um 
atraso de aproximadamente seis meses em relação a indivíduos sem FLP (Ranta, 1986). Um 
desenvolvimento dentário assimétrico em todos os dentes permanentes, principalmente nos 
dentes anteriores da maxila e nos pré-molares superiores, pode ocorrer e este pode estar 
diretamente relacionado com a gravidade da fissura (Ranta,1972). É compreensível que os 
indivíduos com FLP que apresentam um atraso no desenvolvimento dentário, 
consequentemente, possuam uma erupção dos dentes permanentes mais tardia (Ranta, 1986). 
Para estimar o grau da maturação (formação da coroa, raiz e formação completa do 
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dente) e erupção dentária, os métodos de Demirjian et al. (1973) e Olze et al. (2007), 
respectivamente, tem sido vastamente utilizado. A compreensão dos estágios do 
desenvolvimento e da erupção dentária obtidas por meio dos métodos supracitados, podem 
contribuir para o planejamento do início do tratamento ortodôntico ao qual os pacientes com 
FLP frequentemente são submetidos (Van Dyck et al., 2019).  
A erupção dentária, segundo Marks e Schroeder (1996), é definida como o movimento de 
um dente desde o seu local de desenvolvimento dentro do processo alveolar até a sua posição 
funcional na cavidade bucal, em oclusão. Tem sido sugerido que uma estrutura anatômica 
denominada gubernaculum dentis, que se estende do folículo pericoronário à lamina própria da 
gengiva no rebordo alveolar suprajacente, desempenha um importante papel na erupção dos 
dentes permanentes, determinando a posição e a trajetória dos germes dentários neste processo 
(Cahill, 1971; Oda et al., 2016).  
O gubernaculum dentis é composto pelo cordão gubernacular, uma estrutura de tecido 
conjuntivo com fibras longitudinais e entremeado por células epiteliais, e pelo canal 
gubernacular (CG), que consiste no canal ósseo que o circunda. Acredita-se que cordão 
gubernacular tem origem da lâmina dentária, em função dos restos epiteliais interpostos em sua 
estrutura fibrosa. A presença deste tecido epitelial e mediadores como o fator de crescimento 
epidérmico (EGF), demonstra que a atividade osteoblástica respeita os limites do cordão 
gubernacular, formando o canal ósseo em sua volta, denominado canal gubernacular (Carollo 
et al., 1971; Ferreira et al., 2013; Gaêta-Araujo et al., 2019). 
O canal gubernacular  é considerado importante no processo de erupção (Oda et al., 2016), 
pois representa o caminho que o dente percorre neste processo e, devido à sua inserção na 
mucosa oral, mantém a posição do germe dentário no interior dos ossos maxilares quando há o 
crescimento dos mesmos, contudo, não é a estrutura responsável pelo desencadeamento do 
mecanismo de erupção (Cahill, 1971). 
Nishida et al. (2015) compararam a detecção do CG em radiografias panorâmicas e 
exames de tomografia computadorizada de feixe cônico (TCFC). As taxas de detecção do CG 
encontradas em radiografias panorâmicas foram baixas e consideradas um desafio, tendo em 
vista a dificuldade de visualizar estas estruturas radiolúcidas muito finas com o diâmetro de 
apenas cerca de 1 a 3 mm em imagens bidimensionais. Em contrapartida, com o advento da 
TCFC e a possibilidade de avaliar as estruturas em três dimensões, as taxas de detecção do CG   
nas TCFC pelos autores foram maiores quando comparadas com as radiografias panorâmicas, 
sendo o exame de escolha para avaliar a presença do CG.   
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Tem sido sugerido ainda que a ausência de detecção do CG, bem como a apresentação 
de suas características podem estar associadas a alterações no processo eruptivo do dente 
relacionado (Oda et al., 2016; Gaeta-Araujo et al., 2019). A apresentação do CG em indivíduos 
com FLP não é detalhada na literatura. 
 O objetivo neste estudo foi avaliar, em indivíduos não sindrômicos com fissura 
labiopalatina: (1) a cronologia do desenvolvimento e erupção dentária dos dentes ipsilaterais e 
contralaterais à fissura, por meio de radiografias panorâmicas; (2) as características de imagem 








2.1 Título do artigo 
Esse artigo será submetido à apreciação, visando a publicação, ao periódico “Clinical 
Oral Investigations”, considerado Qualis A1 pela CAPES. A estruturação do artigo baseou-se 
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Objectives: To evaluate the chronology of dental development and eruption in teeth ipsilateral 
to the cleft lip and palate (CLP) and those in the contralateral side (non-cleft).  
Methods: Panoramic radiographs (PR) from non-syndromic CLP patients (5-18 years old) were 
retrieved from institutional databank. The sample consisted of developing and erupting teeth. 
Panoramic radiographs were grouped according to patients’ age and sex. Teeth were classified 
as adjacent or contralateral to the CLP and evaluated regarding their development and eruption 
stages according to adaptations from Demirjian et al. (1973) and Olze et al (2007) methods, 
respectively. Comparisons between the CLP side and non-CLP side regarding the mean ages of 
each developmental and eruption stages and dental group were tested by student's t-test.  
Results: PR of 364 patients (226 men and 138 women; mean age 12.2 ±3.64 years old) were 
analyzed. The total sample included 11.223 teeth. There were no statistically significant 
differences between the CLP and the non-CLP sides regarding the age at the different stages of 
development and eruption (p>0.05). 
Conclusions: Teeth adjacent to CLP do not present significant delay in dental developmental 
or eruption in comparison to contralateral teeth. 
Clinical Relevance: Understanding the chronology of dental development and eruption is 
relevant to planning and clinical treatment, and may help to determine the appropriate time to 
begin orthodontic treatment in CLP individuals. 
 







Disturbances and failures in development or maturation of embryonic processes can lead 
to malformations. When these congenital changes occur and affect the skull and face of an 
individual, they may be referred to as craniofacial anomalies. The cleft lip and palate (CLP) is 
considered the most common craniofacial anomaly in humans., with a reported incidence of 
5.86 per 10,000 live births in Brazil, but these rates may vary according to the region (Silva et 
al., 2018). 
The etiology of CLP is considered complex and multifactorial, with the interaction of 
genetic and environmental factors (Costa et al., 2013; Bezerra et al., 2019). CLP results from 
an early failure in the development of the facial and/or palatal processes and, consequently, in 
the absence of fusion of these processes. During the 4th week of intrauterine life, the maxillary 
and mandibular processes and the frontonasal prominence surrounding the primitive oral cavity 
are formed. At the end of the 6th week, the fusion of the maxillary processes occurs leading to 
the formation of the upper lip and premaxilla. Prior to the completion of the fusion of these 
processes, there is a peak of cell division of the lateral nasal process, leading to higher 
susceptibility to teratogenesis. Thus, any growth disorder at this stage may result in failure of 
the fusion mechanism leading to CLP (Sperber et al., 2002). 
The CLP can present in different ways in each individual, and are classified according 
to the anatomical structures in which they are involved: pre-incisive foramen cleft, 
transforamen cleft, and post incisive foramen cleft. Pre-incisive foramen and transforamen 
clefts are the most common types (Spina, 1973). 
The presence of CLP often affects the individual's development and social integration 
(Mossey, 2009). In addition, they may have a higher frequency of incidental findings, dental 
anomalies, delayed tooth development and eruption of permanent teeth. (Ranta, 1986; Kuijpers 
et al., 2014). Dental development in individuals with CLP presents a delay of approximately 
six months compared to individuals without CLP (Ranta, 1986). Asymmetrical dental 
development in all permanent teeth may occur and may be related to the severity of the fissure 
(Ranta, 1972). It is reasonable that individuals with CLP who have a delay in tooth development 
consequently will have a delayed permanent tooth eruption. 
 Tooth eruption is the axial movement of a tooth from the site of its intraosseous 
formation to the functional position in the oral cavity. In individuals with CLP, tooth eruption 
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may be delayed by up to two years and, as with dental development, late eruption may also be 
strongly related to the extent of CLP (Freitas et al., 2011). 
To estimate the degree of dental development (crown formation, root formation and 
complete tooth formation) and eruption, the Demirjian (1973) and Olze (2007) methods, 
respectively, have been widely used. Understanding the stages of development and dental 
eruption can contribute to treatment planning, particularly regarding the initiation of 
orthodontic treatment to which patients with CLP are routinely submitted (Van Dyck et al., 
2019). Therefore, the aim of this study was to evaluate dental development and eruption in teeth 






Materials and Methods 
Sample selection  
This retrospective cross-sectional study was carried out after approval by the 
institutional review board. The sample was obtained from panoramic radiographs retrieved 
from institutional image databank, of non-syndromic CLP patients aged between 5 and 18 years 
old, acquired on a Kodak 8000c panoramic device (KODAK Dental Systems, Carestream 
Health Rochester, USA) for different clinical reasons, between August 2007 and March 2019.  
The sample consisted of all permanent teeth, except third molars, observed on the radiographs, 
regardless of their stages in the developmental and eruption processes. The exclusion criteria 
were teeth associated/adjacent to bone lesions, supernumerary teeth, and compromised 
technical quality of the exam.  
 
Image Analysis 
A previously trained and calibrated specialist in Oral and Maxillofacial Radiology 
evaluated the radiographs with Kodak Dental Imaging Software 6.7 (Kodak Dental Systems, 
Carestream Health, Rochester, USA). A second specialist in Oral and Maxillofacial Radiology 
re-evaluated 30% of the sample. All image analyzes were performed in a suitable environment, 
on a high-resolution medical monitor (Eonis Black 2224, Barco Inc., Kortrijk, Belgium). Each 
tooth was classified according to dental group and location in relation to the cleft (i.e. cleft side 
-  ipsilateral to the CLP, or non-cleft side – contralateral to the CLP. In case of bilateral cleft, 
all teeth were classified as ipsilateral to the CLP. The developmental stage of each tooth was 
assessed according to a modification of the classification proposed by Dermijian et al. (1973) 
(figure 1): stage 1 (crown formation: corresponding to Demirjian stages A, B, C and D); stage 
2 (root formation: i.e. Demirjian stages E, F, and G), and stage 3 (complete formation: i.e. 
Demirjian stage H). Teeth were also classified according to their eruption stage and further 
grouped according to a modification of the method proposed by Olze et al. (2007) (figure 2):  
intraosseous (corresponding to Olze stage A), gingival (corresponding to stage B) and erupted 




Figure 1. Schematic drawing showing the developmental stages  according to a modification of the 
method proposed by Dermijian et al. (1973): stage 1 (crown formation: Demirjan stages A, B, C and D); 




Figure 2. Schematic drawing showing the classification for teeth eruption according to to a 
modification of the method proposed by Olze et al. (2007) (figure 2):  Intraosseous (representing Olze 
stage A), gingival (representing Olze stage B) and erupted (representing Olze stages C and D). 
 
Intraosseous  Erupted Gingival 
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  Statistical analysis 
For statistical analysis was used the SPSS software v22.0 (IBM SPSS Statistics for 
Windows, IBM Corp., Armonk, NY, USA). Mean, standard deviation, maximum and minimum 
age for each developmental and eruption stages are presented. Comparisons of the mean ages 
between the sides with and without CLP were tested by student's t-test for each stage and dental 
group. Interexaminer agreement was calculated by weighted-Kappa test. A significance level 
of 5% was adopted. 
 
Results 
Panoramic radiographs of 364 patients (226 men and 138 women; mean age 12.2 ± 3.64 
years old) were analyzed. Pre-incisive foramen and transforamen clefts were present in 124 and 
240 patients, respectively. No cases of post-incisive foramen CLP were registered. The sample 
consisted of 11.223 teeth. These were classified according to their dental group (central incisors, 
lateral incisors, canines, premolars and molars) and evaluated according to their developmental 
(stages 1, 2 and 3) and eruption (intraosseous, gingival and erupted) stages. Mean, standard 
deviation, and maximum and minimum ages for each dental group and according to the 
developmental and eruption stages are shown in tables 1-8. Results for males and females, as 
well as upper and lower teeth are presented separately.  
 There were no statistically significant differences between the CLP side and the non-
CLP side for the stages of dental development or eruption (p >0.05). Mean interobserver 
agreement for dental formation and eruption were 0.751 (ranging from 0.634 to 0.766) and 












Table 1. Mean, standard deviation, minimum and maximum ages, for each dental group and 













Dental Group Developmental 
stage 
CLP side  Non-CLP side 
  n Mean age (SD) Min-Max  n Mean age (SD) Min-Max 
Central incisors 1 5 8.2 (2.8) 5.5-11.1  0 - - 
 2 65 8.4 (1.9) 5.1-16.2  30 7.9 (1.4) 6.4-13 
 3 208 13.9 (2.9) 8.2-18.8  129 13.3 (3.2) 7.2-18.8 
         
Lateral incisors 1 3 8.5 (2.3) 6.8-11.1  0 - - 
 2 36 10 (2.7) 6.2-17.5  31 8.2 (1.5) 6.4-13 
 3 38 14.2 (2.6) 9.4-18.8  108 13.3 (3.2) 7.2-18.8 
         
Canines 1 25 6.7 (0.8) 5.1-8  10 6.9 (0.6) 6.2-8.2 
 2 157 10.8 (2.1) 7-17.5  87 10.14 (1.8) 7.0-16.2 
 3 107 16.1 (1.9) 12.1-18.8  64 16.0 (2.2) 10.0-18.8 
         
1st premolars 1 46 7.3 (1.0) 5.1-9.1  19 7.2 (0.6) 6.2-8.2 
 2 132 11.3 (1.9) 8-9.5  77 10.3 (1.5) 7.0-13.0 
 3 106 16.15 (1.9) 12.1-18.8  64 15.9 (2.1) 12.1-18.8 
         
2nd premolars 1 34 7.2 (0.9) 5.1-9.2  15 7.1 (0.5) 6.2-8.2 
 2 112 11.3 (1.9) 8.0-17.5  71 10.3 (1.5) 7.0-14.0 
 3 89 16.1 (1.9) 12.1-18.8  61 15.9 (2.1) 12.1-18.8 
         
1st molars 1 0 - -  0 - - 
 2 70 8.1 (1.8) 5.1-16.2  36 7.9 (1.2) 6.2-12.1 
 3 221 13.8 (2.9) 9.0-18.8  124 13.5 (3.1) 8.0-18.8 
         
2nd molars 1 65 7.9 (1.4) 5.1-10.2  28 7.8 (1.1) 6.2-10.2 
 2 153 12.3 (2.3) 7.7-18.6  82 11.1 (1.9) 7-16.2 
 3 71 16.9 (1.6) 13-18.8  50 16.6 (1.9) 10-18.8 
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Table 2. Mean, standard deviation, minimum and maximum ages, for each dental group and 









Dental Group Developmental 
stage 
CLP side  Non-CLP side 
  n Mean age (SD) Min-Max  n Mean age (SD) Min-Max 
Central incisors 1 0 - -  0 - - 
 2 39 7.1 (0.9) 5.1-8.8  20 7.3 (0.6) 6.2-8.8 
 3 249 13.2 (3.2) 6.5-18.8  139 13.0 (3.3) 6.5-18.8 
         
Lateral incisors 1 0 - -  0 - - 
 2 52 7.5 (1.0) 5.1- 10.0  30 7.7 (1.0) 6.2-11.0 
 3 237 13.5 (3.0) 7.2-18.8  132 13.3 (3.2) 7.2-18.8 
         
Canines 1 23 6.5 (0.8) 5.1-8.0  11 7.9 (1.2) 6.4-10.1 
 2 138 10.3 (1.8) 7.0-17.5  81 10.0 (1.6) 7.0-14.0 
 3 128 15.7 (2.1) 11.2-18.8  68 15.8 (2.1) 11.2-18.8 
         
1st premolars 1 30 6.9 (1.0) 5.1-9.0  14 7.1 (0.6) 6.2-7.5 
 2 129 10.4 (1.9) 7.0-17.5  77 10.0 (1.5) 7.0-13.0 
 3 128 15.6 (2.1) 11.2-18.8  71 15.7 (2.2) 11.2-18.8 
         
2nd premolars 1 36 7.2 (1.2) 5.1-10.1  16 7.4 (1.1) 6.2-10.1 
 2 133 10.8 (1.9) 7.0-17.5  81 10.3 (1.7) 7.0-14.0 
 3 104 16.0 (1.9) 12.1-18.8  59 16.1 (2.1) 9.3-18.8 
         
1st molars 1 1 7.7 (0.0) 7.7-7.7  0 - - 
 2 62 7.9 (1.9) 5.1-16.2  36 7.9 (1.2) 6.2-12.1 
 3 226 13.6 (3.0) 8.0-18.8  125 13.5 (3.1) 7.8-18.8 
         
2nd molars 1 60 7.7 (1.2) 5.1-10.2  34 7.8 (1.0) 6.2-10.2 
 2 139 11.7 (1.9) 7.0-17.5  76 11.3 (1.6) 7.0-16.2 
 3 90 16.6 (1.7) 9.0-18.8  51 16.7 (1.6) 13.0-18.8 
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Table 3. Mean, standard deviation, minimum and maximum ages, for each dental group and 









Dental Group Developmental 
stage 
Cleft side  Noncleft side 
  n Mean age (SD) Min-Max  n Mean age (SD) Min-Max 
Central incisors 1 0 - -  0 - - 
 2 37 8.1 (2.1) 6.0-16.5  23 8.1 (1.9) 6.4-15.6 
 3 120 13.8 (3.2) 7.4-18.8  80 13.3 (3.4) 6.0-18.8 
         
Lateral incisors 1 0 - -  0 - - 
 2 16 8.5 (1.9) 6.4-15.0  21 8.2 (1.8) 6.0-15.6 
 3 37 14.4 (2.8) 9.7-18.6  54 13.7 (3.1) 8.0-18.8 
         
Canines 1 10 6.6 (0.5) 6.0-7.7  2 6.5 (0.21) 6.4-6.7 
 2 83 10.0 (2.1) 6.8-15.6  54 9.3 (2.0) 6.0-15.6 
 3 74 16.1 (2.0) 10.1-18.8  48 15.6 (2.1) 12.0-18.8 
         
1st premolars 1 23 7.2 (0.7) 6.0-8.5  14 7.2 (0.6) 6.0-8.5 
 2 72 10.7 (2.0) 6.8-16.6  42 10.0 (1.8) 7.3-15.6 
 3 69 16.2 (1.9) 10.1-18.8  47 15.6 (2.2) 9.0-18.8 
         
2nd premolars 1 21 7.3 (0.9) 6.0-10.2  12 7.3 (0.6) 6.0-8.5 
 2 60 10.7 (1.9) 8.0-16.6  39 10.1 (1.9) 7.3-15.6 
 3 57 16.4 (1.6) 13.0-18.8  42 15.9 (1.8) 13.0-18.8 
         
1st molars 1 3 7.1 (0.6) 6.8-7.9  1 8.0 (0.0) 8.0-8.0 
 2 40 8.5 (2.5) 6.0-15.6  25 7.8 (1.7) 6.0-15.6 
 3 127 13.9 (3.2) 8.0-18.8  78 13.6 (3.1) 7.4-18.8 
         
2nd molars 1 35 7.8 (1.5) 6.0-15.0  19 8.1 (2.2) 6.4-16.7 
 2 85 11.9 (2.4) 8.0-17.6  51 10.8 (2.3) 6.0-15.6 
 3 46 17.2 (1.2) 14.0-18.8  34 16.4 (1.8) 11.0-18.8 
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Table 4. Mean, standard deviation, minimum and maximum ages, for each dental group and 







Dental Group Developmental 
stage 
Cleft side  Noncleft side 
  n Mean age (SD) Min-Max  n Mean age (SD) Min-Max 
Central incisors 1 0 - -  1 9.2 (0.0) 9.2-9.2 
 2 18 7.2 (0.7) 6.0-8.5  13 7.5 (0.5) 6.4-8.5 
 3 148 13.3 (3.5) 6.7-18.8  92 12.7 (3.6) 6.0-18.8 
         
Lateral incisors 1 0 - -  1 9.2 (0.0) 9.2-9.2 
 2 29 7.5 (0.7) 6.0-9.0  20 7.6 (0.7) 6.4-9.0 
 3 137 13.7 (3.3) 7.3-18.8  84 13.1 (3.4) 6.0-18.8 
         
Canines 1 11 7.3 (1.4) 6.0-10.2  3 6.7 (0.4) 6.4-7.2 
 2 65 9.3 (1.7) 6.8-15.6  49 9.0 (1.9) 6.0-15.6 
 3 94 15.5 (2.3) 10.1-18.8  52 15.2 (2.3) 10.1-18.8 
         
1st premolars 1 18 7.4 (1.1) 6.0-10.2  12 6.9 (0.6) 6.0-8.0 
 2 65 9.9 (1.8) 7.0-15.6  46 9.8 (1.9) 7.3-15.6 
 3 85 15.8 (2.2) 10.1-18.8  45 15.7 (2.1) 12.1-18.8 
         
2nd premolars 1 20 7.5 (1.1) 6.0-10.2  14 7.0 (0.6) 6.0-8.0 
 2 68 10.4 (1.9) 7.3-15.6  45 10.1 (2.0) 7.3-15.6 
 3 72 16.4 (1.7) 12.1-18.8  41 15.9 (1.9) 12.1-18.8 
         
1st molars 1 0 - -  0 - - 
 2 30 7.7 (1.6) 6.0-15.6  24 7.7 (1.8) 6.0-15.6 
 3 139 13.7 (3.3) 7.3-18.8  80 13.3 (3.2) 7.4-18.8 
         
2nd molars 1 26 7.8 (2.2) 6.0-17.8  20 7.4 (0.9) 6.0-10.2 
 2 82 11.0 (2.0) 7.4-15.6  51 11.0 (2.1) 7.4-15.6 
 3 62 16.8 (1.4) 14.0-18.8  33 16.6 (1.6) 14.0-18.8 
		
25	
Table 5. Mean, standard deviation, minimum and maximum ages, for each dental group and 







Dental Group Eruption stage CLP side  Non-CLP side 
  n Mean age (SD) Min-Max  n Mean age (SD) Min-Max 
Central incisors 
 
Intraosseous 5 7.2 (1.0) 5.5-8.0  2 7.2 (0.0) 7.2-7.3 
Gingival 10 7.4 (1.5) 5.5-10.2  4 7.1 (0.3) 6.8-7.7 
Erupted 262 12.8 (3.5) 5.1-18.8  153 12.5 (3.5) 6.4-18.8 
         
Lateral incisors 
 
Intraosseous 13 8.9 (1.3) 6.8-11.1  4 7.2 (0.2) 7.0-7.6 
Gingival 20 11 (3.2) 6.2-17.5  10 7.8 (1.1) 6.4-10.0 
Erupted 40 13.3 (3.2) 7.5-18.8  124 12.7 (3.4) 6.5-18.8 
         
Canines 
 
Intraosseous 141 9.6 (2.3) 5.1-17.5  77 9.2 (1.6) 6.2-13.0 
Gingival 21 11.9 (1.3) 9.2-14.0  15 11.6 (1.1) 9.2-13.0 
Erupted 122 15.7 (2.1) 11.1-18.8  69 15.8 (2.2) 11.2-18.8 
         
1st premolars 
 
Intraosseous 143 8.4 (1.9) 5.1-16.2  53 8.7 (1.6) 6.2-13.0 
Gingival 20 10.8 (3.4) 6.0-17.5  9 9.9 (1.2) 7.7-12.1 
Erupted 167 14.6 (2.6) 8.0-18.8  98 14.2 (2.9) 8.0-18.8 
         
2nd premolars 
 
Intraosseous   108 9.6 (2.2) 5.1-17.50  70 9.3 (1.7) 6.2-13.0 
Gingival 3  11.0 (1.0) 10.0-12.1  3 10.7 (0.6) 10.0-11.2 
Erupted 124 15.1 (2.3) 9.9-18.8  74 15.2 (2.4) 9.3-18.8 
         
1st molars 
 
Intraosseous 0 - -  0 - - 
Gingival 4 6.3 (1.4) 5.1-7.9  1 7.3 (0.0) 7.3-7.3 
Erupted 287 12.5 (3.6) 5.5-18.8  159 12.2 (3.6) 6.2-18.8 
         
2nd molars Intraosseous 141 9.9 (2.3) 5.1-18.2  87 9.6 (1.8) 6.2-13.0 
Gingival 27 11.1 (2.9) 5.5-16.2  7 10.7 (3.1) 7.2-16.2 
Erupted 119 15.7 (2.1) 11.0-18.8  66 15.7 (2.3) 8.0-18.8 
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Table 6. Mean, standard deviation, minimum and maximum ages, for each dental group and 
according to the eruption stages, for lower teeth among male CLP patients.  
 
Dental Group Eruption stage CLP side  Non-CLP side 
  n Mean age (SD) Min-Max  n Mean age (SD) Min-Max 
Central incisors 
Intraosseous 0 - -  0 - - 
Gingival 1 7.3 (0.0) 7.3-7.3  0 - - 
Erupted 287 12.4 (3.6) 5.1-18.8  159 12.2 (3.6) 6.2-18.8 
         
Lateral incisors 
Intraosseous 1 5.1 (0.0) 5.1-5.1  2 9.2 (2.8) 7.2-11.2 
Gingival 9 7.3 (1.3) 5.1-10.0  5 7.0 (0.4) 6.4-7.5 
Erupted 279 12.6 (3.5) 5.5-18.8  155 12.5 (3.5) 6.2-18.8 
         
Canines 
Intraosseous 85 8.4 (1.6) 5.1-11.5  55 8.6 (1.5) 6.2-11.5 
Gingival 25 10.9 (2.1) 8.2-16.2  12 10.4 (1.4) 8.0-12.2 
Erupted 179 14.5 (2.7) 8.0-18.8  94 14.6 (2.8) 9.2-18.8 
         
1st premolars 
Intraosseous 128 8.4 (1.9) 5.1-16.2  59 8.9 (1.7) 6.2-13.0 
Gingival 16 10.6 (2.9) 7.6-17.5  5 9.7 (1.5) 7.2-11.3 
Erupted 173 14.5 (2.7) 8.2-18.8  98 14.4 (2.9) 9.2-18.8 
         
2nd premolars 
Intraosseous 132 9.5 (2.2) 5.1-17.50  77 9.3 (1.7) 6.2-13.0 
Gingival 5  10.8 (2.1) 7.9-13.0  68 9.2 (1.6) 6.2-13.0 
Erupted 136 15.1 (2.3) 8.2-18.8  78 15.1 (2.6) 7.2-18.8 
         
1st molars 
Intraosseous 1 10.1 (0.0) 10.1-10.1  0 - - 
Gingival 2 7.5 (3.4) 5.1-10.0  0 - - 
Erupted 286 12.4 (3.6) 5.1-18.8  161 12.2 (3.6) 6.2-18.8 
         
2nd molars 
Intraosseous 121 9.5 (2.2) 5.1-17.5  92 8.8 (1.6) 6.2-13.0 
Gingival 29 10.4 (2.1) 7.2-14.0  19 10.3 (1.9) 7.2-13.0 







Table 7. Mean, standard deviation, minimum and maximum ages, for each dental group and 






Dental Group Eruption stage CLP side  Non-CLP side 
  n Mean age (SD) Min-Max  n Mean age (SD) Min-Max 
Central incisors Intraosseous 2 9.9 (0.1) 9.8-10.0  0 - - 
 Gingival 7 11.3 (5.0) 6.8-17.8  2 6.8 (0.5) 6.4-7.2 
 Erupted 148 12.6 (3.7) 6.0-18.8  101 12.3 (3.7) 6.0-18.8 
         
Lateral incisors Intraosseous 9 9.0 (1.5) 7.3-12.1  - - - 
 Gingival 7 9.9 (2.0) 6.8-13.0  9 7.5 (0.7) 6.0-7.0 
 Erupted 35 14.1 (3.6) 6.4-18.6  66 12.8 (3.5) 7.3-18.8 
         
Canines Intraosseous 71 9.0 (1.8) 6.0-15.6  41 8.5 (1.7) 6.0-15.6 
 Gingival 10 10.9 (2.7) 6.0-14.0  7 10.8 (1.9) 8.0-13.0 
 Erupted 77 15.9 (2.3) 7.5-18.8  55 15.1 (2.4) 9.2-18.8 
         
1st premolars Intraosseous 55 8.9 (1.9) 6.0-15.6  35 8.3 (1.6) 6.0-15.6 
 Gingival 11 8.8 (1.8) 6.0-11.5  5 9.3 (1.3) 8.0-11.4 
 Erupted 97 15.0 (2.7) 8.0-18.8  63 14.6 (2.6) 9.2-18.8 
         
2nd premolars Intraosseous 59 9.2 (1.9) 6.0-15.6  41 8.9 (1.8) 6.0-15.6 
 Gingival 5 9.2 (2.7) 6.0-13.5  2 11.5 (2.0) 10.1-13.0 
 Erupted 74 15.5 (2.4) 8.0-18.8  50 15.2 (2.4) 8.0-18.8 
         
1st molars Intraosseous 1 8.0 (0.0) 8.0-8.0  0 - - 
 Gingival 3 9.2 (4.1) 6.8-14.0  0 - - 
 Erupted 166 12.6 (3.8) 6.0-18.8  104 12.2 (3.8) 6.0-18.8 
         
2nd molars Intraosseous 77 9.2 (1.9) 6.0-15.6  50 9.1 (1.9) 6.0-15.6 
 Gingival 14 11.6 (2.9) 6.9-17.6  8 10.5 (2.7) 6.9-14.0 
 Erupted 75 16.0 (2.1) 9.2-18.8  46 15.7 (2.0) 12.1-18.8 
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Table 8. Mean, standard deviation, minimum and maximum ages, for each dental group and 






Dental Group Eruption stage CLP side  Non-CLP side 
  n Mean age (SD) Min-Max  n Mean age (SD) Min-Max 
Central incisors Intraosseous - - -  0 - - 
 Gingival - - -  - - - 
 Erupted 167 12.7 (3.8) 6.0-18.8  106 12.0 (3.8) 6.0-18.8 
         
Lateral incisors Intraosseous - - -  - - - 
 Gingival 2 6.8 (0.0) 6.8-6.8  1 8.0 (0.0) 8.0-8.0 
 Erupted 165 12.7 (3.8) 6.0-18.8  105 12.0 (3.8) 6.0-18.8 
         
Canines Intraosseous 33 8.2 (1.9) 6.4-15.6  29 8.0 (1.7) 6.0-15.6 
 Gingival 16 8.7 (1.3) 6.0-10.2  11 9.3 (1.4) 7.9-13.0 
 Erupted 121 14.3 (3.0) 8.0-18.8  64 14.4 (2.8) 8.0-18.8 
         
1st premolars Intraosseous 54 8.7 (1.6) 6.4-15.6  37 8.4 (1.7) 6.0-15.6 
 Gingival 11 8.4 (1.4) 6.0-10.2  8 9.1 (1.9) 7.5-13.0 
 Erupted 103 15.1 (2.5) 9.8-18.8  58 14.8 (2.5) 9.8-18.8 
         
2nd premolars Intraosseous 63 9.2 (1.8) 6.4-15.6  48 8.7 (1.8) 6.0-15.6 
 Gingival 7 8.3 (1.7) 6.0-10.2  1 8.3 (0.0) 8.3-8.3 
 Erupted 90 15.6 (2.3) 11.0-18.8  51 15.2 (2.3) 10.1-18.8 
         
1st molars Intraosseous - - -  0 - - 
 Gingival - - -  0 - - 
 Erupted 169 12.6 (3.8) 6.0-18.8  104 12.2 (3.8) 6.0-18.8 
         
2nd molars Intraosseous 87 8.5 (2.0) 6.0-17.8  45 8.6 (1.8) 6.0-15.6 
 Gingival 21 10.4 (1.6) 7.8-14.0  10 10.5 (1.7) 7.8-12.3 




Individuals with CLP may often have delayed dental development and consequently 
later eruption when compared to individuals without CLP (Ranta, 1986; Harris & Hullings; 
Poyry, 1989; Van Dyck et al., 2019). Mean ages for tooth eruption among patients without CLP 
from a previous study (Souza-Freitas et al., 1991) were lower than those found for the patients 
with CLP in the present study. This deference was even higher for the teeth closest to the CLP. 
This study focused on the comparison of dental development and eruption of teeth 
ipsilateral and contralateral to the fissure in individuals with CLP. No statistically significant 
differences were observed between the sides, for males and females, and for upper and lower 
teeth.  Previous studies have reported that teeth adjacent to the cleft have a slight delay at early 
stages of dental development when compared to the contralateral side (Ranta, 1972; Solis et al., 
1998). However, it is hypothesized that during the course of dental maturation, these teeth may 
recover the time course of their development and compensate for initial delay (Tan et al., 2017). 
Dental formation in individuals with CLP begins simultaneously bilaterally, but 
asymmetrical development can occur in teeth adjacent to the fissure (Duque et al., 2004). In the 
present study, teeth ipsilateral to the CLP presented symmetrical formation when compared to 
the contralateral side, indicating that individuals with CLP have a normal genetic growth 
potential. Developmental and eruption delays have been related to genetic factors, inadequate 
nutrition, environmental factors, and lack of bone support in the jaw (Peterka et al., 1993; Solis 
et al., 1998; Duque et al., 2004). The sample of the present study is derived from a reference 
hospital focused on the treatment of patients with craniofacial anomalies, particularly CLP, 
providing multidisciplinary care from the earliest months of patients' lives. Therefore, we may 
hypothesize that early care, given the particularities of each cleft, may enable symmetrical 
dental development. 
It has been suggested that the Epidermal Growth Factor (EGF) contributes to the fusion 
of facial prominences and growth of the primary palate (Falagan-lotsch et al., 2015) and the 
Transforming Growth Factor (TGF) is involved in the formation of secondary palate and tooth 
development (Van Dyck et al., 2019). Therefore, changes in the expression of these mediators 
that affect the proliferation of epithelial cells may be related to the development of CLP and 
influence the migration of neural crest cells during the early embryonic stages, directly 
interfering with dental development in patients with CLP (Van Dyck et al., 2019; Falagan-
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lotsch et al., 2015). The possible effect of EGF and TGF on both CLP formation and dental 
development justifies the inclusion of lower teeth in this study, since abnormal production of 
those proteins could influence odontogenesis on both dental arches.  
Knowledge of tooth formation and eruption in individuals with CLP is of paramount 
importance due to the frequent presence of maxillary atresia and consequent need for 
orthodontic treatment (Poyry et al., 1989; Carrara et al., 2004; Lewis et al., 2017). In addition, 
understanding the chronology of dental development and eruption is relevant to planning and 
clinical treatment, and may help to determine the appropriate time to begin orthodontic 
treatment in CLP individuals. 
 
Conclusion 
 It can be concluded that the chronology of dental development and eruption in 
individuals with CLP do not present significant differences between the side of the cleft and the 
contralateral side.  
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Objectives: To evaluate the imaging characteristics of gubernacular canals (GC) on cone beam 
computed tomography (CBCT) images of individuals with cleft lip and palate (CLP).  
Methods: CBCT exams of unerupted teeth (n=509) were assessed regarding the detection of 
GC and the location of its opening in the alveolar ridge. GC detection rates and its opening were 
compared among tooth groups and between teeth ipsilateral and contralateral to the CLP. 
Results: The detection rate of GC was higher in the anterior mandible (100%), followed by the 
upper molars (93.1%), and the lower molars (89.8%). The anterior maxilla showed a 
significantly lower detection rate of the GC (55.8%). There were no statistically significant 
differences between the teeth in the CLP and in the non-CLP sides. The most common opening 
site of the GC was the lingual aspect of the alveolar ridge for the lower anterior teeth and 
premolars. For the molars, the opening occurred mostly in the central region of the ridge. For 
the teeth closest to the cleft region, there was an even distribution of the opening in the lingual 
and central regions of the alveolar process. 
Conclusions: Upper anterior teeth and premolars, which are closer to the cleft, present lower 
detection of the GC. Additionally, for the maxillary anterior teeth, GC present higher variability 
of the location of its opening in the alveolar crest. 
Clinical Relevance: Since the presentation of GC may indicate abnormal eruption status, its 
observation may contribute to decision-making in treatment planning for CLP patients. 












The cleft lip and palate (CLP) is considered the most common facial congenital 
malformation in humans, affecting the development of the middle third of the face. Its etiology 
is considered complex and multifactorial, but it is believed that its development may be 
influenced by genetic, drug, environmental and geographic factors (Bezerra et al., 2019). 
The CLP is established at the end of the 6th week of intrauterine life, when the maxillary 
processes fuse, leading to the formation of the upper lip and premaxilla (Mossey et al., 2009). 
Previously to the completion of the development of these processes, there is a peak of cell 
division in the lateral nasal process that is associated with higher susceptibility to teratogenesis. 
Any disorder at this stage of growth can lead to failure of the fusion process (Sperber, 2002) 
and result in such malformations (Marazita and Mooney, 2004; Mossey et al., 2009). These can 
further be subdivided according to the anatomical structures to which they are involved. The 
most commonly observed clefts in these individuals are the incisive pre-foramen clefts and 
incisive trans-foramen clefts (Spina, 1973). 
Individuals with CLP have a three-fold higher prevalence of incidental findings (e.g. – 
tooth agenesis, supernumerary and impacted teeth), probably due to the large number of 
variations they may present in the middle third of the face (Kuijpers et al., 2014). Patients with 
CLP may have a delay in the development of permanent teeth of approximately 6 months in 
comparison to non-cleft individuals, especially in the anterior maxillary teeth and premolars 
(Ranta, 1986). Due to this late formation of the permanent teeth, the eruption process may also 
be delayed. 
Dental eruption is defined as the movement of a tooth from its place of development 
within the alveolar process to its functional position in the oral cavity (Marks and Schroeder, 
1996).  It is suggested that the gubernaculum dentis, an anatomical structure that extends from 
the dental follicle to the gingival lamina propria in the suprajacent alveolar ridge, plays an 
important role in the eruption of permanent teeth, determining the position and trajectory of 
dental germs in this process (Oda et al., 2016; Cahill, 1971). The gubernaculum dentis is 
composed of the gubernacular cord, a connective tissue structure with longitudinal fibers 
interspersed with epithelial cells, and the gubernacular canal (GC), which consists of the 
surrounding bone canal containing the gubernacular cord.  
On imaging examinations, the GC are visualized as radiolucent/hypodense canals, with 
corticated borders, associated with the dental follicle space of non-erupted teeth, and is usually 
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located in the lingual region of the respective deciduous predecessors. Nishida et al. (2015) 
compared GC detection in panoramic radiographs and cone beam computed tomography 
(CBCT) examinations. The detection rates of GC found in panoramic radiographs were low and 
considered challenging, given the difficulty of viewing these radiolucent structures with a 
diameter of only about 1 to 3 mm in overlapping two-dimensional images. In contrast, with of 
CBCT, the detection rates of GC were higher when compared to panoramic radiographs 
(Nishida et al.,2015). 
Previous findings demonstrate that the presence of the GC and certain aspects of its 
presentation on CBCT images may be related to abnormal eruption processes and may 
contribute to establishing the appropriate time for the clinical/orthodontic intervention (Gaêta-
Araujo et al., 2018). Therefore, the aim of this study was to evaluate the presence of the 
gubernacular canal and its opening in the alveolar ridge in individuals with cleft lip and palate, 





Materials and Methods 
This was a retrospective cross-sectional study, based on CBCT exams of non-syndromic 
CLP patients performed between March of 2011 and April of 2019 for different diagnostic 
purposes, retrieved from institutional image databank. All scans were acquired with i-Cat Next 
Generation CBCT scanner (Image Sciences International Hatfield, USA), following the 
principles of radioprotection to minimize the dose to the patient. 
Sample selection and image analysis 
 CBCT exams were screened for the presence of unerupted teeth. The sample consisted 
of all unerupted teeth within the field of view.  Teeth in advanced eruption stage (i.e., crown 
beyond the level of the alveolar crest) were excluded. teeth associated/adjacent to bone lesions, 
and those partially imaged or presenting image artifacts precluding their correct evaluation were 
also excluded. The images were analyzed by a trained and calibrated specialist in Oral and 
Maxillofacial Radiology, using I-CAT Vision software (Imaging Sciences International, 
Hatfield, USA) in a suitable environment for image evaluation, on a high-resolution monitor. 
All exams were classified according to the patient's age, sex and type of CLP (unilateral or 
bilateral; pre-incisive foramen, post-incisive foramen, or transforamen). Teeth were classified 
into six dental groups: upper anterior, premolars and molars, and lower anterior, premolars and 
molars. Teeth were also classified into CLP side (ipsilateral to the cleft) and non-CLP side 
(contralateral to the cleft). In case of bilateral CLP, teeth were classified as CLP side. The 
presence of GC was evaluated and, when present, the location of its opening in the alveolar 
ridge was registered. 
Statistical analysis 
For statistical analysis was used the SPSS software v22.0 (IBM SPSS Statistics for 
Windows, IBM Corp., Armonk, NY, USA). Data was descriptively displayed regarding the 
detection rate and compared between CLP types by the chi-square test. GC detection and 
opening in the alveolar ridge was compared among the different dental groups by the Kruskal-
Wallis with Dunn post-hoc test. A significance level of 5% was adopted. 
Results 
CBCT scans of 59 patients were included (33 males and 26 females). Ages ranged 
between 5 and 28 years (mean age 10 ±2.94 years). Three teeth (lateral incisors) were further 
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excluded due to an unusual position within the cleft, making it impossible to evaluate the 
presence of the GC. Therefore, the sample consisted of 506 teeth, of which 421 were from 
patients with transforamen CLP and 85 from patients with pre-incisive foramen CLP. No cases 
of post-incisive foramen CLP were registered. Bilateral CLP was observed in 20 cases.  
 Distribution of teeth among the dental groups were as follows: upper anterior (n = 77; 
3 central incisors, 8 lateral incisors and 66 canines), upper premolar (n = 122; 60 first premolars 
and 62 second premolars), upper molar (n = 102; 45 second molars and 57 third molars), lower 
anterior (n = 24; 24 canines), lower premolar (n = 83; 39 first premolars and 44 second 
premolars) and lower molars (n = 98; 47 second molars and 51 third molars). 
 
Table 1 shows the distribution of the sample according to the GC detection, for teeth 
located in the CLP and non-CLP sides, in patients with pre-incisive foramen and transforamen 
CLP. Similar detection rate of GC was observed in patients with transforamen (74.8%) and pre-
incisive foramen CLP (74.1%)(p=0.892). Regarding the GC detection rate of the teeth located 
in the CLP side and those located in the non-CLP side, no statistically significant differences 
were observed (p=0.226 and p=0.283 for pre-foramen and transforamen, respectively). 
 
Figure 1. CBCT images showing presence of GC in different dental groups in the maxilla: incisor region (a), 
canine region (b), premolar region (c), and molar region (d) - arrows indicate the GC opening in the alveolar 




Table 1. Absolute frequency and detection rate of GC according to cleft type, and location of 
the tooth (CLP and non-CLP sides). 
*Chi-square test comparing the detection of GC between cleft variables of type and location of the tooth. 
  
 
Table 2 shows the detection of GC between the different dental groups (figure 1). 
Statistically significant differences in GC detection were found, with the highest detection rates 











Not Detected Detected 
Pre-foramen      
CLP side 0 4 100 
0.226 
 
Non-CLP side 22 59 72.8  
TOTAL 22 63 74.1  
0.892 
Transforamen     
CLP side 26 91 77.8 
0.283 
Non-CLP side 80 224 73.7 
TOTAL 106 315 74.8  
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Table 2. Absolute frequency and detection rate of GC according to dental groups. 
*Different superscript letters indicate statistically significant difference in GC detection rate between dental 
groups, according to chi-square test. 
 
The presentation of the GC regarding its opening in the alveolar bone crest presented 
statistically significant differences between the dental groups and are demonstrated in table 3. 
Its opening location was more common in the lingual aspect of the alveolar crest for the 
mandibular anterior and premolar teeth, while for both maxillary and mandibular molars, canal 
opening occurred mostly in the central region of the alveolar bone crest. Two cases in the 
anterior region of the maxilla, i.e. closer to the cleft region, showed an opening of the GC 











Detection rate (%) 
Not Detected Detected 
Maxillary Anterior B 34 43 55.8
 
Maxillary Premolar B 49 73 59.8
 
Maxillary Molar A 7 95 93.1
 
Mandibular Anterior A   0 24 100
 
Mandibular Premolar B   28 55 66.3
 
Mandibular Molar A 10 88 89.8
 
TOTAL 128 378 74.7 
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Table 3. Absolute and relative frequency of GC opening at the alveolar bone crest, according 
to dental groups 
Dental Group 
GC Opening  
Lingual Central  Buccal Unusual* 
Maxillary Anterior AC 18 (41.9%) 19 (44.2%) 5 (11.6%) 2 (2.3%) 
Maxillary Premolar AB 44 (60.3%) 22 (30.1%) 7 (9.5%) 0 (0.0%) 
Maxillary Molar C 22 (23.2%) 72 (75.8%) 1 (1.1%) 0 (0.0%) 
Mandibular Anterior AB 19 (79.2%) 3 (12.5%) 2 (8.3%) 0 (0.0%) 
Mandibular Premolar B 40 (74.1%) 12 (22.2%) 2 (3.7%)  0 (0.0%) 
Mandibular Molar C 24 (27.3%) 59 (67.0%) 5 (5.7%) 0 (0.0%) 
TOTAL 167 (44.2%) 187 (49.5%) 22 (5.8%) 2 (0.5%) 
Different superscript letters indicate statistically significant difference between dental groups regarding GC 
opening (Kruskal-Wallis and Dunn post-hoc test). Values in bold represent the most common opening in the 
alveolar ridge for each dental group. 






In the present study, we evaluated GC detection rates among dental groups in order to 
understand how often it is present in the dentition of patients with CLP, which has not been 
reported before. The presence of the GC in patients with CLP ranged from 55.8% in the anterior 
maxilla to 100% in the anterior mandible. GC detection rates reported in a previous study in 
individuals without CLP ranged from 43.7% to 100% (Nishida et al., 2015). However, in the 
study by Nishida et al. (2015), the detection rates of GC in the anterior maxillary teeth were 
greater than 80%. In the present study, the detection rates for the same dental group were 
considerably low (55.8%) among CLP patients. These low GC detection rates may indicate 
disruption in gubernacular cord development by CLP mediators and may be associated with 
changes in the eruptive process of the related tooth (Oda et al., 2016; Gâeta-Araujo et al., 2019). 
In previous studies, it has been suggested that the Epidermal Growth Factor (EGF) 
contributes to the fusion of facial prominences and primary palate growth. Thus, alterations in 
EGF expression that affect epithelial cell proliferation may be related to the development of 
CLP (Falagan-lotsch et al., 2015). In addition, mediators that stimulate the formation of clasts 
for the formation of GC may also be linked to EGF (Consolaro, 2010). Therefore, we suggest 
that the alteration in EGF expression that contributes to the development of the CLP may be 
related to the interruption of the formation of the GC, which corroborates the low detection rate 
of the GC in teeth closer to the CLP region (Consolaro, 2010).  
The GC detection rates found in patients with CLP were lower for the upper anterior 
and premolar teeth, as well as for the lower premolars. The lower detection rate in anterior 
maxillary teeth adjacent to the fissure and premolars is in agreement with the findings of Ranta 
(1986), who reported that these dental groups usually exhibit later dental development and the 
difference may be directly related to the presence of CLP. In the premolar region, the 
hypodensity corresponding to the periodontal ligament of the deciduous teeth may be 
indistinguishable from a GC of the permanent successor germ, so which may represent a 
limitation for GC evaluation in this dental group (Gaêta-Araujo et al., 2019). 
In the present study, the types of CLP evaluated did not present a statistically significant 
difference regarding the detection of GC. However, previous studies have shown that the more 
anatomical structures are evolved in the CLP, the greater the anatomical variations present in 
the middle third of the face (Borodkin et al., 2008; Kuijpers et al., 2014). It may be speculated 
that the early appropriate multidisciplinary follow-up and treatments that these CLP individuals 
undergo at the hospital since their first months of life may influence overall development of the 
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jaws and, consequently, the presence of GC may become more similar among individuals with 
different CLP types. 
The opening of the GC was evaluated considering its location in the alveolar crest as: 
lingual, central or buccal. The most common GC opening in relation to the bone crest was in 
the lingual aspect for the lower anterior and premolars, while for the molars, the opening 
occurred more frequently in the central region of the alveolar crest. These findings are similar 
to those found in the study by Gaêta-Araujo et al. (2019) with non-cleft patients. However, for 
the upper anterior teeth, closer to the cleft, a more even distribution between the GC opening 
in the lingual and central regions was found, as well as higher prevalence of openings located 
buccally. Unusual location (i.e. towards the nasal cavity) was only found in this group. Our 
hypothesis is that such difference may be related to damage to the dental lamina and disorders 
caused by the development of the CLP (Pereira et al., 2014). 
Patients with CLP are often submitted to different radiographic examinations 
throughout life for different diagnostic purposes, but the acquisition of panoramic radiographs 
or CBCTs exclusively for monitoring of dental development chronology or GC characteristics 
is not indicated. A longitudinal study would allow a better understanding of dental formation, 
presentation of the GC and the changes to which the GC is subject during tooth development 
and eruption. However, such longitudinal design is not feasible considering sequential exposure 
to ionizing radiation. 
The findings of the present study on GC presentation in patients with CLP may 
contribute to the planning of orthodontic treatment, as well as help to understand the role of GC 
in the eruption process. The lower rates of GC detection in the anterior maxilla found in this 
study may indicate disruption in gubernacular cord development by CLP mediators (e.g. EGF 
and TGF-α). This indicates the need for careful assessment when the GC is not detected in 
future studies, as this may be a strong indication that the corresponding tooth has a delayed 
eruption. The presence of the GC and its presentation may also contribute to establishing the 
appropriate moment for a clinical intervention. 
 
Conclusion 
 Upper anterior teeth, which are closer to the cleft in CLP patients, present a lower 
detection of the GC. Additionally, for the maxillary anterior teeth, GC present a higher 
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Os indivíduos com FLP podem apresentar frequentemente um atraso no 
desenvolvimento dentário e consequentemente uma erupção mais tardia quando comparados 
com indivíduos sem FLP (Ranta, 1986; Harris et al., 1990; Poyry, 1993; Van Dyck et al., 2019) 
O presente estudo comparou o desenvolvimento e a erupção dentária dos dentes adjacentes à 
fissura e dente contralaterais apenas em indivíduos com FLP. Não foram observadas diferenças 
estatisticamente significativas entre os lados comparados para as duas avaliações.  
Estudos anteriores relataram que os dentes no lado da fissura apresentaram um ligeiro 
atraso quando comparados ao lado contralateral (Solis et al., 1998; Ranta, 1972). No entanto, 
durante o curso da maturação dentária, esses dentes podem sofrer uma recuperação em seu 
desenvolvimento, demonstrando que não apresentam necessariamente um atraso no 
desenvolvimento e na erupção em relação ao lado oposto (Tan et al., 2017).  
No presente estudo os dentes ipsilaterais à fissura labiopalatina apresentaram uma 
formação simétrica quando comparadas ao lado contralateral, reforçando que os indivíduos com 
FLP possuem um potencial genético normal para o crescimento. A formação dentária em 
indivíduos com FLP inicia-se de forma simultânea bilateralmente, porém um desenvolvimento 
assimétrico pode ocorrer em dentes adjacentes à fissura (Duque et al., 2004). O atraso no 
desenvolvimento e erupção dentária podem estar diretamente relacionados a fatores genéticos, 
nutrição inadequada, fatores ambientais e falta de suporte ósseo na maxila (Peterka et al., 1993; 
Solis et al., 1998; Duque et al., 2004). No entanto, a amostra do presente estudo é derivada de 
um hospital especializado no tratamento de pacientes com FLP, fornecendo um atendimento 
multidisciplinar desde os primeiros meses de vida dos pacientes. Portanto, acreditamos que o 
atendimento precoce, dadas as particularidades de cada FLP, pode possibilitar o 
desenvolvimento dentário simétrico. 
O conhecimento da formação e erupção dentária em indivíduos com FLP é de suma 
importância, devido a frequente presença de atresia maxilar e a consequente necessidade de 
tratamento ortodôntico (Poyry et al., 1989; Carrara et al., 2004; Lewis et al., 2017) Além disso, 
a compreensão dos estágios de maturação e erupção dentária quando se pretende estabelecer o 
tempo adequado para iniciar o tratamento ortodôntico em indivíduos com FLP e um atraso na 
erupção dentária é identificada, a presença ou ausência do canal gubernacular - que desempenha 
papel importante nesse processo - deve ser investigada visando a estimativa do padrão de 
erupção dos dentes permanentes envolvidos (Gaêta-Araujo et al., 2019; Nishida et al., 2015). 
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No presente estudo, avaliamos as taxas de detecção de CG entre os grupos dentários, 
objetivando entender com que frequência este está presente na dentição do paciente com FLP. 
Ressalta-se que até o presente momento, estudos sobre o CG em indivíduos com FLP não foram 
realizados. As taxas de detecção do CG relatadas em um estudo anterior em indivíduos sem 
FLP variaram de 43,7% a 100% (Nishida et al., 2015). No entanto, neste estudo de Nishida et 
al. (2015), as taxas de detecção do CG nos dentes anteriores da maxila foram superiores a 80% 
e no presente estudo, as taxas de detecção para o mesmo grupo dentário foram 
consideravelmente inferiores (55.8%).  Estas taxas de detecção do CG mais baixas podem 
indicar a interrupção no desenvolvimento do cordão gubernacular por mediadores da FLP e 
consequentemente podem estar associadas a alterações no processo eruptivo do dente 
relacionado (Oda et al., 2016; Gaeta-Araujo et al., 2019).  
Em estudos anteriores, foi sugerido que o Fator de Crescimento Epidérmico (EGF) 
contribui para a fusão das proeminências faciais e crescimento do palato primário. Sendo assim, 
alterações na expressão do EGF que afetam a proliferação de células epiteliais podem estar 
relacionadas ao desenvolvimento das FLP (Falagan-lotsch et al., 2015). Além disso, os 
mediadores que estimulam a formação de osteoclastos para a formação do CG também possuem 
ação a partir do EGF. Por isso, sugerimos que a alteração na expressão do EGF que contribui 
para o desenvolvimento das FLP pode estar relacionada com a interrupção da formação do CG, 
sendo assim, compreensível a baixa taxa de detecção do CG em dentes mais próximos a região 
da FLP (Consolaro, 2010).  
Assim, as taxas de detecção de CG encontradas em pacientes com FLP são menores 
para os dentes anteriores superiores e pré-molares, bem como para os pré-molares inferiores. A 
menor taxa de detecção nos dentes anteriores da maxila adjacentes à fissura e nos pré-molares 
concorda com os achados de Ranta (1986), que relata que esses grupos dentários geralmente 
exibem um desenvolvimento dentário mais tardio e a diferença pode estar diretamente 
relacionada à presença da FLP. Na região pré-molar, a hipodensidade correspondente ao 
ligamento periodontal dos dentes decíduos pode ser indistinguível de um CG do germe sucessor 
permanente, sendo assim, consideramos esta uma limitação para a avaliação do CG neste grupo 
dentário (Gaêta-Araujo, 2019).  
No presente estudo, os tipos de fissuras avaliados não apresentaram uma diferença 
estatisticamente significante em relação a detecção e características do CG. No entanto, estudos 
anteriores demonstraram que quanto mais estruturas anatômicas são evolvidas na FLP, maior 
podem ser as variações anatômicas presentes no terço médio da face destes indivíduos 
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(Borodkin et al., 2008; Kuijpers et al., 2014). Sugere-se que esta ausência de diferença 
estatística pode estar diretamente relacionada ao adequado acompanhamento multidisciplinar e 
aos tratamentos que os indivíduos desta amostra foram submetidos desde os primeiros meses 
de vida.  
A abertura do CG foi avaliada no presente estudo, considerando sua localização na crista 
alveolar como lingual, central ou bucal. A abertura do CG mais comum em relação à crista 
óssea foi na região lingual para os pré-molares anteriores e inferiores, enquanto para os molares, 
a abertura ocorreu com maior frequência na região central da crista alveolar. Esses achados são 
semelhantes aos encontrados no estudo de Gaêta-Araujo et al. (2019), realizado com pacientes 
não fissurados. No entanto, para os dentes anteriores superiores, mais próximos da fenda, foi 
encontrada uma distribuição uniforme entre a abertura nas regiões lingual e central, e a maior 
prevalência de abertura bucal. Ademais, foi o único grupo que apresentou casos com abertura 
não usual, na fossa nasal. Nossa hipótese é que essa diferença possa estar relacionada a danos 
à lâmina dentária e distúrbios causados pelo desenvolvimento de FLP (Pereira et al., 2013). 
Pacientes com FLP são frequentemente submetidos a diferentes exames radiográficos 
ao longo da vida para diferentes fins diagnósticos. Portanto, a aquisição de radiografias 
panorâmicas ou TCFC exclusivamente para monitoramento da cronologia do desenvolvimento 
dentário ou das características do CG não é indicada. Um estudo longitudinal permitiria uma 
melhor compreensão da formação dentária, apresentação do CG e as alterações às quais o CG 
está sujeito durante o desenvolvimento e a erupção dentária. No entanto, um estudo longitudinal 
não é viável, considerando a necessidade de exposições sequenciais à radiação ionizante. 
Os achados do presente estudo sobre desenvolvimento dentário podem contribuir para 
o planejamento do tratamento ortodôntico, além de ajudar a entender o papel do CG no processo 
de erupção. As taxas mais baixas de detecção de CG na região anterior da maxila encontradas 
neste estudo podem indicar interrupção no desenvolvimento do cordão gubernacular por 
mediadores da FLP. Isso indica a necessidade de uma avaliação quando o CG não for detectado 
em estudos futuros, pois isto pode ser uma forte indicação de que o dente correspondente pode 
apresentar uma erupção atrasada. A presença do CG e sua apresentação também podem 









Os pacientes com FLP não apresentam formação ou erupção assimétricas entre os dentes 
ipsilaterais e os contralaterais à fissura. 
Os dentes adjacentes à fissura labiopalatina, em pacientes com FLP, apresentam menor 
taxa de detecção do CG. Além disso, para os dentes anterossuperiores, a abertura do CG na 












1- Bezerra JF, Silva HPVD, Bortolin RH, Luchessi AD, Ururahy MAG, Loureiro MB, Gil-da-
Silva-Lopes VL, Almeida MDG, Amaral VSD, Rezende AA (2019) IRF6 polymorphisms 
in Brazilian patients with non-syndromic cleft lip with or without palate. Braz J 
Otorhinolaryngol  808–869:30495-6. 
2- Borodkin AF, Feigal RJ, Beiraghi S, Moller KT, Hodges JS (2008) Dental delay in patients 
with clef t lip and palate. Scientific article. Pediatric Dentistry 30(5):408–413.  
3- Cahill DR (1974) Histological changes in the bony crypt and gubernacular canal of erupting 
permanent premolars during deciduous premolar exfoliation in beagles. J Dent Res 
53(4):786–91. 
4- Carollo DA, Hoffman RL, Brodie AG (1971) Histology and function of the dental 
gubernacular cord. Angle Orthod 41(4):300-7. 
5- Carrara CF, Lima JE, Carrara CE, Vono BG (2004) Chronology and sequence of the 
permanent teeth in patients with complete unilateral cleft lip and palate. Cleft Palate-
Craniofac J 41(6): 642-645. 
6- Consolaro A (2010) Tracionamento ortodôntico: possíveis consequências nos caninos 
superiores e dentes adjacentes. Dental Press J Orthod 15(4):15–23. 
7- Costa RR, Takeshita WM, Farah GJ (2013) Levantamento epidemiológico de fissuras 
labiopalatais no município de Maringá e região. Revista Da Associacao Paulista de 
Cirurgioes Dentistas: 67(1): 40–44.  
8- Demirjian A, Goldstein H, Tanner JM (1973) New system of dental age assessment. Hum 
Biol 45: 211-227.  
9- Duque C, Dalben Gda S, Aranha AM, Carrara CF, Gomide MR, Costa B (2004) Chronology 
of deciduous teeth eruption in children with cleft lip and palate. Cleft Palate Craniofac J 
41(3): 285–289. 
10- Falagan-Lotsch P, Lopes T S, Küchler E C, Tannure P N, de Castro Costa M, de Fonte da 
Amorim L M, Granjeiro J M (2015) The functional EGF+61 polymorphism and 




11- Ferreira D, Fumes A, Consolaro A, Nelson-Filho P, de Queiroz A, De Rossi A (2013) 
Gubernacular cord and canal – does these anatomical structures play a role in dental eruption. 
RSBO 10:167-171. 
12- Gaêta-Araujo H, da Silva M B, Tirapelli C, Freitas D Q,  de Oliveira-Santos C (2019) 
Detection of the gubernacular canal and its attachment to the dental follicle may indicate an 
abnormal eruption status. The Angle Orthodontist 89(5):781–787. 
13- Harris EF, Hullings JG (1990) Delayed dental development in children with isolated cleft 
lip and palate. Archives of Oral Biol 35(6):469–473.  
14- Kuijpers MA, Pazera A, Admiraal RJ, Berge SJ, Vissink A and Pazera P (2014). Incidental 
findings on cone beam computed tomography scans in cleft lip and palate patients. Clin Oral 
Investig 18: 1237-44. 
15- Lewis CW, Jacob LS, Lehmann CU (2017) The primary care pediatrician and the care of 
children with cleft lip and/or cleft palate. Pediatrics 139(5).  
16- Marazita ML, Mooney MP (2004) Current concepts in the embryology and genetics of cleft 
lip and cleft palate. Clin Plastc Surg 31:125–140. 
17- Marks SC Jr, Schroeder HE (1996) Tooth eruption: Theories and facts. The Anatomical 
Record 245:374–393. 
18- Mossey PA, Little J, Munger RG, Dixon MJ, Shaw WC (2009) Cleft lip and palate. Lancet 
374:1773–1785. 
19- Nishida I, Oda M, Tanaka T, Kito S, Seta Y, Yada N, Fujita Y, Saeki K, Morikawa K, 
Matsumoto-Takeda S, Wakasugi-Sato N, Habu M, Kodama M, Miyamoto I, Kokuryo S, 
Nishimura S, Matsuo K, Tominaga K, Yoshioka I, Maki K, Morimoto Y (2015) Detection 
and imaging characteristics of the gubernacular tract in children on cone beam and 
multidetector computed tomography. Oral Surg Oral Med Oral Pathol Oral Radiol 
120(2):109–17. 
20- Oda M, Miyamoto I, Nishida I, Tanaka T, Kito S, Seta Y, Yada N, Saeki K, Matsumoto-
Takeda S, Wakasugi-Sato N, Habu M, Kodama M, Kokuryo S, Nishimura S, Matsuo K, 
Tominaga K, Yoshioka I, Maki K, Morimoto Y (2016) A spatial association between 
odontomas and the gubernaculum tracts. Oral Surg Oral Med Oral Pathol Oral Radiol 
121(1):91–5 
21- Olze A, Niekerk PV, Ishikawa T, Zhu BL (2007) Comparative study on the effect of ethnicity 
on wisdom tooth eruption. Int J Legal Med 121:445-8. 
		
52	
22- Peterka M, Tvrdek M, Mullerova Z (1993) Tooth eruption in patients with cleft lip and 
palate. Acta Chir Plast 35: 154–158. 
23- Pöyry M, Nyström M, Ranta R (1989) Tooth development in children with cleft lip and 
palate: A longitudinal study from birth to adolescence. Eur J Orthod 11(2): 125-30. 
24- Ranta, R (1972) A comparative study of tooth formation in the permanent dentition of 
Finnish children with cleft lip and palate: an orthopantomographic study. Proc Finn Dent 
Soc 68 (2): 58–66.  
25- Ranta R (1986) A review of tooth formation in children with clef lip/palate. Am J Orthod 
Dentofac Orthop 90:11-18. 
26- Solis A, Figueroa AA, Cohen M, Polley JW, Evans CA (1998). Maxillary dental 
development in complete unilateral alveolar clefts. Cleft Palate Craniofac J 35(4): 320–328.  
27- Souza-Freitas JA, Lopes ES, Damante JH (1991) Cronologia de mineralização e de erupção 
dos dentes permanentes. Ver. Bras. Odont. 48: 2-7. 
28- Sperber GH (2002) Craniofacial embryogenesis: normal developmental mechanisms. In: 
Mooney MP, Siegel MI, editors. Understanding craniofacial anomalies: The 
etiopathogenesis of craniosynostoses and facial clefting. New York: Wiley-Liss Inc. p. 31-
59. 
29- Spina V (1973) A proposed modification for the classification of the cleft lip and cleft palate. 
Cleft Palate  J 10:251-2 
30- Tan ELY, Kuek MC, Wong HC, Yow M (2017). Longitudinal dental maturation of children 
with complete unilateral cleft lip and palate: A case-control cohort study. Orthodontics and 
Craniofacial Res 20(4):189–195.  
31- Van Dyck J, Cadenas de Llano-Pérula M, Willems G, Verdonck, A (2019) Dental 
development in cleft lip and palate patients: A systematic review. Forensic Science 
















1. METODOLOGIA DETALHADA 
 
1.1.  Aspectos Éticos 
 O presente estudo foi aprovado e realizado após a apreciação dos Comitês de Ética em 
Pesquisa da Faculdade de Odontologia de Piracicaba, da Universidade Estadual de Campinas – 
FOP/UNICAMP e do Hospital de Reabilitação de Anomalias Craniofaciais – HRAC/USP – 
Número do Parecer: 3.061.529 e 2.570.914, respectivamente, conforme consta nos documentos 
de aprovação (Anexo1e 2).  
 
1.2.  Preparo da Amostra 
 
1.2.1. Local da Pesquisa e Fontes de Obtenção da amostra 
 
Este foi um estudo transversal, retrospectivo, desenvolvido na Faculdade de 
Odontologia de Piracicaba (FOP-UNICAMP) em parceria com a Seção de Diagnóstico Bucal 
do Hospital de Reabilitação de Anomalias Craniofaciais (HRAC-USP). Foram selecionadas 
radiografias panorâmicas e tomografias computadorizadas de feixe cônico do banco de imagens 
do HRAC-USP para compor a amostra deste estudo. 
As radiografias panorâmicas foram realizadas no aparelho Kodak 8000c (KODAK 
Dental Systems, Carestream Health Rochester,USA) e os exames de TCFC no tómografo i-Cat 
Next Generation (Image Sciences International Hatfield, USA). As aquisições de imagens no 
hospital são obtidas seguindo os princípios da radioproteção para minimizar a dose para o 
paciente. 
 
1.2.2. População, Amostra e Grupos 
 
A amostra foi composta por dentes em formação observados em radiografias 
panorâmicas e dentes não irrompidos observados nos exames de imagem. Foram avaliados 
11.729 dentes (11.223 em radiografias panorâmicas e 506 em exames de TCFC). Os exames de 
imagens dos bancos de imagens da instituição supracitada, selecionados para estas avaliações, 
foram realizados entre o período de agosto de 2007 a abril de 2019. As radiografias panorâmicas 
e TCFC foram analisadas de forma independente, portanto, estes exames não eram pareados 
por paciente, embora em alguns casos ambos tenham sido, coincidentemente, provenientes dos 
mesmos indivíduos.  
Para classificar o tipo de fissura de cada um dos pacientes da amostra foi realizada 
pesquisa em prontuário, nas bases de dados do HRAC/USP. Para uma correta padronização da 
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amostra foram agrupadas as panorâmicas e as TCFC por faixas etárias considerando o momento 
da aquisição das imagens. 
  
1.3. Critérios de Inclusão 
 Foram incluídos na amostra pacientes de 5 a 18 anos de idade que apresentaram dentes 
em formação, intraósseos ou irrompidos observados nas radiografias panorâmicas de pacientes 
com FLP e pacientes de 5 a 28 anos que apresentaram dentes em formação e não irrompidos 
observados em exames de TCFC. Os exames poderiam apresentar um ou mais dentes com as 
características supracitadas.  
 
1.4. Critérios de Exclusão 
Foram excluídos da amostra os dentes de pacientes sindrômicos e aqueles 
observados em exames de imagem com comprometimento de qualidade técnica ou presença de 
artefatos que comprometessem a sua correta avaliação. Dentes associados ou adjacentes a 
lesões ósseas e dentes supranumerários foram excluídos. Para os exames de TCFC foram 
excluídos ainda os dentes em que a detecção do CG estivesse impossibilitada, como, por 
exemplo, aqueles em processo de erupção avançado. 
 
1.5. Avaliação das Imagens 
As radiografias panorâmicas foram utilizadas para avaliar a cronologia de formação 
e erupção dentária e os exames de TCFC para avaliar a presença do canal gubernacular e sua 
abertura na crista óssea alveolar. As imagens foram avaliadas por um único examinador, na 
Seção de Diagnóstico Bucal do Hospital de Reabilitação de Anomalias Craniofaciais (HRAC-
USP). Para isso as panorâmicas e as TCFC foram identificadas por um número para evitar 
qualquer possibilidade de reconhecimento do paciente. A análise foi realizada em ambiente 
adequado para avaliação de imagens em um monitor de alta resolução. Os softwares utilizados, 
disponibilizados originalmente pelos respectivos fabricantes dos tomógrafos para avaliação dos 







Aparelhos de imagens Software 
Banco de 
imagens 
I-CAT (Imaging Sciences 
International, Hatfield, USA) 
I-CAT Vision (Imaging Sciences 
International, Hatfield, USA) HRAC-USP 
Kodak 8000c 
Kodak Dental Imaging Software 
6.7 (KODAK Dental Systems, 
Carestream Health 
Rochester,USA) HRAC-USP 
Quadro 1. Aparelhos de imagens, softwares e instituições onde foram feitas a seleção e avaliação 
das imagens. 
 
Avaliação das radiografias panorâmicas 
Após a seleção da amostra, os exames de radiografia panorâmica foram classificados 
quanto à idade do paciente (em anos) e sexo. Os dentes, por sua vez, foram classificados como: 
dentes adjacentes à fissura e dentes contralaterais (figura 1).  




Cleft side Non-cleft side 
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Um especialista em Radiologia Odontológica e Imaginologia previamente treinado e 
calibrado avaliou os exames, identificando e numerando os dentes em processo de formação, 
classificando-os separadamente de acordo com a adaptação de Demirjian et al. (1973) 
classificação agrupada em três estágios (figura 2): formação de coroas (estágios A, B, C e D), 
formação de raízes (estágios E, F e G) e formação completa (estágio H): 
• A	–	As	pontas	das	cúspides	são	mineralizadas,	mas	ainda	não	unidas;	
• B – As cúspides são unidas e a morfologia da coroa está bem definida; 
• C – A coroa está formada acima da junção amelo-cementária; a câmara pulpar e a aposição 
da dentina são evidentes; 
• D – A coroa está completa até a junção amelo-cementária. A câmara pulpar ja apresenta 
formato trapezoidal; 
• E – Início da bifurcação interradicular . A raiz é mais curta que a coroa; 
• F – A raiz é mais longa do que a coroa. As terminações da raiz apresentam formato cônico;  
• G –As paredes radiculares são paralelas, mas os ápices radiculares permanecem abertos; 
• H – Os ápices raiz estão completamente fechados.  
 
 Figura 2. O desenvolvimento dentário de acordo com a adaptação de Demirjian et al. (1973). 
Observa-se como a classificação foi realizada nos diferentes grupos dentários, sendo agrupados em três 
estágios: formação de coroas (estágios A, B, C e D), formação de raízes (estágios E, F e G) e formação 





O especialista em Radiologia Odontológica e Imaginologia avaliou a mesma amostra, 
identificando e numerando os dentes em processo de erupção (figura 3), classificando-os de 
acordo com o proposto adaptado de Olze et al. (2007):  
• A – Plano oclusal coberto por osso alveolar; 
• B – Emergência alveolar/osso alveolar sobre a face oclusal totalmente reabsorvido; 
• C – Emergência gengival/penetração de pelo menos uma cúspide na gengiva; 
• D – Emergência completa no plano oclusal.	
Figura 3. Classificação de Olze (2007) de acordo com o estágio de erupção dentária. Os dentes 
foram classificados e agrupados de acordo com a modificação proposta por Olze et al. (2007) 
(figura 2): coberto por osso (representando o estágio A de Olze), gengival (representando o 
estágio B de Olze) e irrompido (representando os estágios C e D de Olze). 
 
Avaliação dos exames de TCFC 
 
Os exames de TCFC foram previamente classificados quanto à idade do paciente (em 
anos), sexo e tipo de fissura labiopalatal. Para a avaliação dos exames de TCFC, um especialista 
em Radiologia Odontológica e Imaginologia previamente treinado e calibrado registrou as 
seguintes características imaginológicas referentes aos dentes intraósseos: grupo dentário (molar, 
pré-molar e dentes anteriores) e presença ou ausência do CG. Quando presente, o CG será avaliado 











Esquema 1. Parâmetros avaliados com relação ao CG: 





1.6.  Análise Estatística 
 
Para a avaliação de cronologia de formação e erupção dentária dos pacientes com FLP, 
foi utilizada uma análise estatística descritiva e os dados expressos em média de idade, desvio-
padrão, máximo e mínimo para os estágios de erupção e formação avaliados. Para a avaliação 
do CG, os dados também foram expostos de maneira descritiva em taxa de detecção, 
comparados pelo teste chi-quadrado. A apresentação do CG foi comparada pelo teste de 
Kruskal-Wallis com o post-hoc de Dunn. O teste Kappa ponderado calculou a concordância 





































































































ANEXO 4 – COMPROVANTE DE SUBMISSÃO DO ARTIGO. 
 
